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The invention relates to a multiple pump, and
more in particular, to a fuel injection pump for
multiple cylinder engines, and contemplates the
provision of certain improvements applicable
with particular advantages to that type of pumps
in which a plurality of units comprising a bar-
rel and a plunger therein are arranged parallel
to and equidistant from a main axis, and where-
in each plunger is reciprocatable once during
each cycle of the pump operation, with a phase
displacement in relation to the preceding plunger.
Examples of such pumps are disclosed, e. g. in my
U. 8. Patent No. 2,391,221 of December 18, 1945,
wherein a common rotatable valve controls cer-
tain parts of the barrels, and in my U, S. Patent
No. 2,388,462, November 6, 1945, wherein each
plunger is provided with a helical head controlling
a barrel port for metering the quantity of fuel to
be diseharged. However; it will be understood
that the invention is not limited in its application

' to & particular type of pumps. Pumps of the kind
under consideration are frequently provided with
a device comprising a diaphragm or a bellows
which in response to certain external pressure
variations serves to adjust the control elements
in order to adapt the pump output to the oper-
ating condition of the connected engine. If, in
such an event, a high degree of sensitivity is de-
sired, large and bulky bellows or the like are re-
quired in order to furnish sufficient power and
stroke for adjustment. The invention aims,
therefore, to avoid such drawback, and it con-~

. sists essentially in the provision of hydraulic
means to shift the control elements for output
adjustment in response to pressure variations
as occurring, e. g. in the manifold of an en-
gine to which the engine may be applied.
~ According to another object of the invention
& lubricant may be used as the pressure medium
of the hydraulic means, the same lubricant serv-
ing to lubricate the movable parts of the pump.

The invention also contemplates the use of
oil from the lubricating system of an engine to
which the pump may be applied as the pressure
medium of said hydraulic means.

Further objects and details of the invention
will be apparent from the description given here-
inafter and the accompanying drawing showing
embodiments thereof by way of example. In the
drawing:

Fig. 1 is a longitudinal section of an embodi-
ment of the invention the section being taken
along line i—I of Fig. 2

Flg 2 is a cross-section along lines 2—2 of
Fig. 1
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Fig. 3 is a development of the metering va.lve
of the pump of Fig. 1;

Fig. 4 is a longitudinal section of another em-
bodiment;

Pig. 5 is a longitudinal cross-section of the
central part of the pump of Fig. 4 on a larger
scale and taken along line 5—% of Pig. 6;

Figs. 6 and 7 are cross-sections along lines 6—8§
and 1—1 respectively of Fig. 5; and

Fig. 8 is a longitudinal cross-section of a mod-
ification of the pump of Fig. 4.

Referring now to the drawing, Figs. 1 to 4 1l-
lustrate by way of example a pump according
to the invention and destined for use with a nine
cylinder engine. The pump helongs to the type
in which the output of each unit is controlled by
a common valve, The pump comprises a block
in general denoted by 10 which consists of & sub-
stantially -cylindrical portion i with & flange
12 at its lower end, and which has an axial bore
13 throughout its length. Nine other bores I#4
are provided parallel to and equidistant from the
main pump axis a—a. They reach from the top
face {5 of the block not quite to the other end
face 16 which is the lower face of the flange 12
so that each bore 14 constitutes a barrel with &
bottom 11. At a distance upward from the bot-
tom 11, a radial port {8 opens from the barrel
into the space of the bore 13, and a groove (9
in the interior of the barrel reaches from the
port 18 downward to the bottom 17. The flange
12 is provided with radial bores 20, one for each
barrel, and communicating with the bottom end
of the latter. Each bore 20 is so formed as to
constitute a chamber for a spring biased deliv-
ery valve 2. The outer end of each bore 20 is

-closed by a plug 22, and a hollow screw bolt 23

crosses the bore 20 and serves the dual purpose
of securing the pump to a flange or other portion
24 of an engine, and of connecting the bore 20
to a condauit 25 leading to the nozzie (not shown) .

- -of an engine cylinder.

50

]

A substantially cylindrical jacket or housing -
26 bears on an outer shoulder 21 of the block 0
and also on a gasket ring 28 on top of flange 12.
An annular fuel chamber 29 with an inlet 30 is
formed between the housing 26 and block 10, and
radial conduits 31 in the block {0 intermediate
said barrels connect said chamber and the inner
bore {8 of the block 10. Interiorly of the bore
13, a valve 32 shaped as a hollow piston is ar-
ranged so as to be rotatable and axially shiftable
by means to be described hereinafter. The valve,
the development of which is shown in Fig. 3 has
a peripheral.recess 33 with a land 34 thereon to




. 9,448, 847

3

v' close the ports 18, one aﬂ:er the other durmg its

rotation; for a shorter or longer part of each:

revolution depending on whether a narrower or
_ wider part of the land is In registry with the ports.
However, it is to ‘be noted that the recess .33 is in
permanent communication with- cha.mber 29
through at least some of the conduits 31, _
Coaxially with the block 10 and extending
through valve 32, a hollow drive shaft 48 is ar-
ranged which is interiorly splined in its lower end
portion at 41 in order to be coupled with a shaft
42 of the engine to which the pump is to be ap-
pHed. The shaft 40 is provided with an end col-
lar or flange 43 and journalled in a bearing 44
which in the illustrated embodiment is a ball
bearing acting as a collar bearing as well as a
thrust bearing. The outer race 45 of bearing
44 engages a ring 46 which in turn bears on an
inner flange 47 of a casing 48 secured to the lower
face 16 of the block 0. The casing is closed by a
lower cover plate 49 with an opening 50, and it
is so shaped as to form with the lower face of
the block an annular recess 51 communicating
with the opening 50 via a groove 52 in the inner
wall of the casing. Another annular space 53
in communication with the axial bore 13 of block
18 is formed between the casing 48, ring 46 and
shaft 40. Shaft 40 is journaled in a second bear-
ing such as needle bearing 55 supported by a cup-
shaped member 54 which rests on an inner shoul-
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der of 'the block 18. The shaft portion above the

needle bearing is externally splined at 57, and
the topmost end 58 is screw-threaded. To the
splined portion, a shaft head 59 is secured by
means of a slitted nut 60 screwed on the thread-
ing 58 and locked in position by a screw 61 which
forces the slitted nut portions apart or together
so as to deform a portion of the nut threading.
The shaft head 59 has an outer cylindrical bear-
ing surface 62 which is inclined with respect to

35

. clearly shown in Fig. 1.

40

the main axis a—a, and on which the inner race .

63 of a ball bearing 64 is mounted so as to engage
a head shoulder 65. A cup-shaped wobble or
swash plate 66 is secured to the outer race 61 by
means of a spring ring 68, and engages with a
projection 69 stationary guide faces 10 arranged
parallel to the axis a—a. When shaft 40 rotates,
the swash plate will not participate in the rota-
tion owing to the engagement of the projection 69
with the guide faces 70 but will accomplish g
cyclical up and down motion. The swash plate
is provided with ball sockets 11, as many as there
are barrels in the block 10, so as to receive therein
the upper ball heads 12 of connecting rods 13 of
plungers 14 which are reciprocable in the barrels
14. Each plunger consists of a tubular body 15
with a lower head 76 screwed into the body end.
The lower ball end 17 of each connecting rod is
secured to an accordingly shaped recess of the
head 76 of the associated plunger by.a slotted
retaining washer 78 bearing against an inner
shoulder of the plunger tube 15. In order to ro-
tate the metering valve while the plungers are
reciprocated, a pin or pins 19 are secured in the
valve body and engage the drive shaft 40 in slots
80 which permit axial adjustment of the valve
relatively to the ports 18.

The pump so far described operates in the fol-
lowing manner: If the drive shaft is turned by
the engine shaft 42, the plungers will be recipro-
cated according to the cyclical oscillation of the
swash plate, i. e. each plunger lagging in phase
in respect to the preceding ‘one and the phase lag
being equal to 360° divided by the number of
plunigers. While the plungers are thus recipro-
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cated the metering valve 82 rotates uniformly
with the shaft 48. It is so adjusted in relation
to the inclination of the shaft head §8 that each
port 18 will be covered by the land 34 of the valve
during a portion of the compression stroke of the
coordinate plunger 13 and the length of such
stroke portion will be determined by the width
which the land has, according to its axial ad- )
justment, between the edges 3% and 36 on the
level of the ports 18. During the suction stroke
of a plunger, fuel may therefore enter the coor-
dinate barrel from space 29 through conduits 31,
valve recess 33 and port 18. While the latter is
closed during a portion of the compression stroke
a corresponding quantity of fuel will be expelled
by the plunger from its barrel through the de-
livery valve 21, and during the remainder of the
compression stroke a corresponding quantity of
fuel will be returned on the same way as that on
which fuel entered during the suction stroke.

In order to adjust the valve 32 in axia] direc-
tion for the purpose of metering the quantity of
fuel delivered by the pump, a tubular rod 88 is
arranged interiorly of shaft 40 and the pin or pins
19 are secured to said rod so that the valve and
the rod will rotate in conjunction and will be ax-
ially shiftable together in relation to the shaft 40.
A recess 85 is formed between the shaft and the
tubular rod and a compression sprirg 86 in that
recess tends to shift the rod and valve downward.
The upper end of the tube 84 extends through the
top wall 81 of an upper housing part 8§ which
encompasses the swash plate with its accessorial
parts and to which the aforementioned guide faces
10 are attached. The part 88 is connected to the
lower housing 26, the block flange 12 and the cas-
ing 48 by means cf a number of screw bolts 89 as
On the uzwardly pro-
Jjecting end of the tubular rod 84 an anti-friction
bearing 90 is mounted so as to abut against the
flanged head of a hollow plug 81 screwed into the
tubular rod 84. The bearing 90 is encased in a
ring 92 having two diametrically opposite trun-
nions 93 which are engaged by a forked lever 94.
The latter is mounted on a shaft 85 projecting
laterally from the housing part 88 so as to be
turned by suitable means not shown. ‘Thus, if
shaft 95 is turned in anti-clockwise direction, the
tubular rod 84 together with valve 32 will be
raised against the restraint of spring 86 while be-
ing free to rotate togetuer with the drive shaft 40.

Means are provided for an automasatic adjust-
ability of the metering valve in response and ac-
cording to pressure variations occurrlng in the
manifold of the engine to which the pump is con-
nected. Such automatic adjustability may be
either instead of any other or may be in addition
to one under the control of an operator. The il-
lustrated embodiment shows a form which pro-
vides for such automatic adjustability in addition
to that obtained by means of the lever 94 and ac-
cessorial parts. According to the invention, the
automatic adjustment of the metering valve is ac-
complished by a hydraulic system under the con-
trol of a small auxiliary valve actuated by a bel-
lows which, thus, can be small in size ang still
fully effective for the contemplated purpose.
Also, according to the invention, the hydraulic
fluid used in the pump is the pressure lubricant
which may be taken from the lubrication system
of the engine to be charged by the pump, and
which is anyway required to lubricate the movable
parts of the pump. In the illustrated embodiment
the flange 12 is provided with a radial conduit 100
communicating with the aforementioned annular
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space 53 on top of the thrust bearing plate 46.
The conduit 100 has a port (0f in the bottom face
of the flange for connection to a branch of the
engine lubrication system, indicated at 02. The

outer end of the conduit is closed by a plug 103.

However, it is of course also possible to admit the
hydraulic fluid, i. e. preferably a lubricant from
the outer end of the conduit when the plug 103
is removed and the port 101 is closed. The conduit
{00 is arranged intermediate two adjacent deliv-
ery valve chambers 20 and has a vertical branch
104 closed at its upper end by a plug 107 and con-

nected by a substantially radial arm 105 to the .

space 106 of the bore 13 on top of the metering
valve 32; the aforementioned member 54 consti-
tutes the upper confinement of the space 106.  An
outward extension 108 of the arm {05 opens into
& ring groove 109 from which lubricating grooves
of the plungers 14 are fed. Within the range-of
the valve 32 the shaft is provided with two rela-
tively wide grooves ti{ and {12, one above the
other so that between the shaft and the tubular
rod 84 two annular chambers are formed. The
lower groove or chamber 112 communicates with
space 106 through a groove {18 of the valve 32 and
an opening (14 of the shaft. Similarly, the up-
per chamber {11 communicates with the space 53
through a groove 15 and an opening 116, The
tubular rod 84 extends in its lowermost position
far downward in shaft 40 and is provided with two
ports or sets of ports {{T and 118. The dimen-
slons are such that these ports are permanently
in communication with the chambers {11 and #12
respectively, regardless of the relative position of
the tubular rod in shaft 40. Interiorly of a cylin-
drical space 119 formed in the lower end of the
tubular rod 84, an auxiliary slide valve 120 is ax-
ially movable. Valve 120 has an upper and a lower
controlling edge, 121 and 122, respectively, so
spaced from each other that the ports 117 and 118
are just closed in the illustrated position. It is
shaped as a hollow cylinder and provided with
passages 123 connecting the spaces of the eylinder
above and below the valve with each other. The
valve 120 is integral with or attached to & control
rod 124 which extends upward through the entire
length of the tubular rod 84 with ample.clear-
ance which constitutes a passage 125 from the
space |19 through slots 126 in the upper portion of
the tubular rod 84 to the swash plate chamber 127
formed by the upper housing part 88. The upper
end of control rod 124 is guided in plug 81 of rod
84 and secured by suitable means such as a screw
connection 138, to the lower wall 128 of 3 bellows
£29. The top wall 130 of the bellows is attached
to a tubular piece 131 passing through a housing
cover 132 and held in position by nuts 133. The
piece 131 opens into the bellows 129 and may be
connected to the engine manifold so as to subjéct
the bellows to the interior pressure prevailing
therein. The exterior of the bellows is under at-
mospheric pressure owing to the opening 134 in
an extension 135 of the upper housing part 88 to
which extension the cover (32 is secured by a
screw threading 136. The weight of the rod 124
may be compensated by means such as leaf spring
137 attached to the housing 88 and engaging be-
tween the parts 138 by which the rod is connected
to the bellows 129. This spring may be so formed
as to prevent the rod 124 from rotating.

The automatic adjustment of the metering
valve by means of the device just described takes
place in the following manner: In Fig. 1 the
metering valve 32 with the tubular rod 84 and
also the auxiliary valve 120 with its rod 124 are
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in their lowermost positions and the bellows is
not subject to a difference of external and in-

-ternal pressure.. The tubular rod 84 with valve

32 rotates with the drive-shaft 40 owing to their
connection by pin 19 while the auxiliary valve
and rod 124 do not participate in such rotation.
The spaces 106 and 53 above and below the me-
tering valve 32 are filled with a Iubricant under
bressure from conduit 180. If, now, the inte-
rior pressure of the bellows 129 decreases, the

_latter will contact and lift rod 124 with auxiliary

valve 120. In consequence, the lower controlling
edge will open the port 118 with the result that
lubricant from space 108 can escape via' groove
113, opening 114, shaft chamber 112, port 118,
lower part of space [19, bores 123, upper part
of space 119, passage 125 and slots 126, to splash
upon the swash plate and other movable parts in
the housing chamber {21. From there the lubri-
cant can flow through conduits 39 to the ring
recess’ 61 ‘and further through groove 52 and

‘opening 50 back to the lubricating system of

the engine to which the pump may be connect-
ed. Owing to the escape of lubricant from space
106 ‘the pressure on the lower face of valve 32
will be greater  than the pressure on the upper
face so that the valve together with the tubular
rod 84 will be raised. This will continue until
the port 118 has passed the edge 122 and is closed -
by the auxiliary valve. When this has happened,
the flow of the lubricant in space 106 stops and
the pressures on top and below the metering
valve 32 will again be equalized, so that the valve
32 will remain in the adjusted position accord-
ing to the contraction of the bellows 129. If
then, the inside pressure of the bellows increases
and the latter expands, the auxiliary valve 120
will be lowered and port 117 will be opened. In
consequence the lubricant in the annular re-
cess §3 underneath the valve 32 is free to flow
off through the grooves, openings and passages
(15, 116, 111, into the upper part of space 119,
and on as just described with respect to the lu-
bricant from space 116, so that the valve 32 will
be lowered until the opening 117 has passed the
control edge 12| of the auxiliary valve. Thus,
the adjustment of the valve 32 will follow exactly
the pressure conditions prevailing in the engine
manifold with which the bellows communicates.,

Whereas in the embodiment hereinbefore de-
scribed, the type of pump is such that the con-
trol element is to be shifted in an axial direc-
tion for the purpose of adjusting the pump out-
put, adjustment is accomplished in the embodi-
ment which now will be described by a rotary
movement derived, with the aid of hydraulic
means, from an axial movement of a pressure
responsive organ. The pump illustrated in Figs.
4 to 7 is of a kind as disclosed in my U. S. Pat-
ent No. 2,388,462 of November 6, 1945. In a
housing 201 a number of pump barrels 202, for

‘instance nine, are arranged parallel to and equi-

distant from the housing axis b—b. Interiorly
of each barrel a reciprocatable plunger 203 is
provided with a helical head 204 the end face
of which controls an inlet and metering port
205 from an annular fuel chamber 206 interme-
diate the outer wall of the housing 201 and the
barrels.203. The housing and the barrels there-
in are covered by a valve plate 207 which is pro-
vided with a discharge conduit 208 for each bar-
rel and each conduit is in communication with
& radial chamber 209 containing a spring-bi-
The outer end of
chamber 208 is so shaped that a pipe line 2§ 1 may
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be connected thereto, through which fuel dis-
charged from the assoclated pump barrel .may
be injected into the nozzle of an engine cylin-
der (not shown). Coaxially with the housing a
hollow drive shaft 212 is mounted in bearings
213 and 214. The shaft is interiorly splined at
215 in its lower end for driving connection with
a hollow shaft 216 which is part of the engine
to which the pump may be applied. Mounted on
shaft 212 is a wobble or swash plate 217 which is
prevented from rotating by its engagement with
2 guide 218 so however, that the swash plate
217 is able to tilt cyclically about a shaft por-
tion 219 which is inclined with respect to the
main axis b—b. Each plunger 203 is connect-
ed to the swash plate 217 by a connecting rod
220 so that during each revolution of the shaft
212 each plunger 203 will be once reciprocated
with a phase lag, however, in relation to the pre-
ceding plunger.
The output of each pump barrel depends on
- what portion of the helical head of the associated
plunger registers with the port 205 during the
plunger reciprocation. In order to adjust the
output, that means in order to meter the quan-
tity of fuel discharged through each valve 210,
a pinion 221 is shrunk on or otherwise secured
to each lower plunger end so that the plunger
may ke turned about its axis. The pinions 22(
need not be provided with teeth about their entire
circumference and it is sufficient if they form
toothed segments according to the angle through
which it is intended to render the plunger turn-
able for adjustment purposes. All the pinions
221 mesh with a centrally arranged gear wheel
222 which is mounted by bearing 223 on shaft
212. The wheel 222 which is hollow to receive
therein the bearing 223 has an upward tubular
extension 224. Into the latter and coaxially
therewith another tubular member 225 extends
which bears with a lower shoulder 226 upon a
casing 2271 suppocrted by the outer race of the
aforementicned bearing 223. Interiorly of casing
227 a spiral spring 228 is arranged the one end
228’ of which is secured to the member 225 where-
as the other end 228’ is fastened to the gear
wheel 222. Two vanes 228 engage with their
outer ends grooves 230 of the tubular extension
224 and are slidable with their inner ends 231
on the outer cylindrical surface 232 of the mem-
ber 225. Owing to this arrangement the vanes
228 will be taken along when the whee] 222 with
its extension 224 turns in relation to the mem-
ber 225. The latter is also provided with op-
positely positioned vanes 233 engaging in grooves
234 and being provided with segment-shaped
extensions 235 which engage the inner cylindrical
surface 236 of the wheel exiension 224. In their
normal position, the diameter on which the vanes
233 are arranged crosses the diameter on which
the vanes 229 are located at approximately right
angles so that four chambers 237, 238, 239 and
240 are formed interiorly of the wheel extension
224. The hollow space 24 of the member 225
is in communication with the chambers 237 to
240 by ports 242, 243, 244 and 245 respectively.
Member 225 is closed at its top end at 246. A
tubular guide member 241 bears with a lower
flange 248 on the top rim 249 of the wheel ex-
tension 224. The aforementioned blades 233 are
secured to flange 248 by means of pins 250 as
clearly shown in Fig. 5, so that owing to the
engagement of the vanes 233 with the member
. 225 the parts 225 and 247 are prevented from
movemenst relatively to each other, Interiorly of
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the guide member 247 (Fig. 4), a piston 28! s
axially movable and a compression spring 282
is inserted between piston 251 and a plate 2853
which bears on top of the member 228 and is
rotatable within the flange 248 of the guide 247.
Plate 263 has an upward extension 254 of tubular
shape so as to fit Into the lower portion of the
tubular guide 247. The piston 25f is provided
with lateral projections 255 which engage. into
slots 266 in the wall of guide 247 and also slots
2571 in the tubular extension 254 of the blade
253. Either one of the pairs of slots may be
helical and the other one straight lined in a direc-
tion parallel to the axis b—b or both pairs may
be helical but turning in opposite directions. The
upper end of the guide member 247 is formed as
& pinion 268 which meshes with a rack 259 pro-
Jecting laterally from the housing top plece 260
secured to the lower housing 20i by suitable
means such as screws 261. The inner portion
of the piece 268 forms a bearing surface 262 for
the upper portion of the guide member 247.
Housing portion 260 contains a conduit 263 which
opens towards the outside at 264 and communi-
cates on its inside with an annular chamber 265
surrounding the lower portion of the guide 2471.
Chamber 265 in turn can communicate with the
aforementioned vane chambers 231 to 240
through the slots 258 and two recesses 268 and
267 in plate 253 which recesses are slightly larger
in size than the width of the vanes 233 and are
normally so positioned with respect to these
vanes that in the relative position of Fig. 7 all
the chambers 233 to 240 are connected with the
chamber 265. A dome-shaped cover 268 is se-
cured to the top housing 260 and encases two
bellows 269 and 270. The bellows 269 is adjust-
ably secured to the cover by a screw connection
27¢ with a conduit 272 for communication of the
interior of the bellows with the atmosphere. The
lower bellows 270 is suspended from the upper
bellows 269 by a connection 213 which permits
rotation cf the one relatively to the other. Bel-
lows 210 is attached by means of a hollow screw
connection 274 to the interior of the guide mem-
ber 247 on top of piston 2561 so that the space
219 above the piston communicates with the in-
terior of the bellows 270. The latter is prefer-
ably of a type which is temperature sensitive,
so that with rising temperature it will bulge out-
wardly thereby increasing its capacity. It is
filled with a liquid which when the bellows is
subjected to outside pressure will cause the pis-
ton 251 to descend against the restraint of spring
252. Both the bellows 269 and 270 may be ex-
ternally exposed to pressure or depression prevail~
ing in the manifold of the engine to which the
pump may be applied and for this purpose the
top housing portion 260 is provided with an
opening 215 into which a connecting pipe (not
shown) may be screwed so that the entire inner

. space 216 of the housing top portion and the
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inner space 271 of the dome-shaped cover may
be in communication with such manifold.
In order to operate the pump the interior of

-the shaft 212 is to be connected to a source of

a hydraulic medium under pressure, preferably
to the lubricating system of the engine to which
the pump is to be applied. In the illustrated em-
bodiment it is assumed that the lubricant is sup-
plied through the hollow shaft 216. The inlet
218 is to be be connected to a fuel source in order
to feed the fuel into the chamber 206 which may
be also provided with an outlet (not shown) for
excessive quantities of the fuel which may cir-
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culate through the chamber 206, The lubricant
outlet 264 may be in communication with the oil
well of the engine and the opening 215 may be
in communication with the engine manifold as
hereinbefore stated.: Owing -to its connection
with the atmosphere the bellows 269 will be sub-
Jected to an interior pressure according to the
surrounding air and, therefore, be sensitive to
changes of the altitude. The bellows 210 together
with the space on top of piston 251, 'on the other
hand, is sensitive to chianges of the temperature
and manifold pressure as stated hereinbefore. In
consequence, a decrease of altitude and an in-
crease of temperature will act in the same way so
as to increase the pressure on piston 251. Also,
an increase of the depression in the engine mani-
fold will have a similar effect. When the engine
with the pump coupled thereto is operating, cor-
rect adjustment of the required pump output
may be accomplishéd by shifting rack 259 which
will cause guide 247 to turn. Gear wheel 223
will be taken along owing to the connection be-
tween flange 248, pins 250, vanes 233, center plece
226 and spring 228. Also, piston 251 and plate
288 will turn with the guide 247 so that the piston
remains on its original level, and the recesses 266
and 267 keep the passage open from all four vane
chambers 237, 238, 239 and 240 to the annular
space 265. If now, the conditions under which
the engine operates vary, increasing depression
in the manifold will cause an expansion of the
bellows 269. In consequence the latter will exert
pressure on the top of the bellows 270 with the
result that Hquid from bellows 270 will be forced
In the chamber 279 on top of the piston 251,
Also. if the temperature decreases causing a con-
traction of the bellows 2170, a portion of the liquid
therein will be pressed into the mentioned cham-
ber 279. The pressure exerted on the piston will
force the latter downward against the restraint
of spring 252 and the piston projections 255 slid-
ing in the slots 256 and 257 will turn the plate 253
while guide 247 is maintained stationary owing
to its engagement with rack 259, Originally, oil
could flow through shafts 216 and 219 into the
interior .of the member 225 and from there
through the openings 242 to 245 into the vane
chambers 237 to 240 respectively. From there oil
could escape-through the gaps between the side
walls of the plate recesses 266 and 267 and the
vanes 233 and also pass from there into the ring
space 265 and on through conduit 263 to the outlet
264. Now, when the plate is turned from the po-
sition shown in Fig. 7 in the one or other direc-
tion, the recesses 266 and 267 will slide over the
top surfaces of the vanes 233 thereby closing
two opposite vane chambers, for instance the
chambers 238 and 240, while further opening the
communication between the chambers 237 and
239 with the outlet. In consequence, oil pressure
will rise in chambers 237 and 239 and decrease in
chambers 238 and 240. The pressure difference
will shift the vanes 229 accordingly and, together
with them, rotate the gear wheel 222 which turns
the plungers 203. Turning, however, of the wheel
222 will tension spring 228 owing to the connec-
tion of the latter with the member 225 and wheel
extension 224. An' equilibrium will be reached

when the torque owing to the pressure difference:

acting upon the vanes 229 becomes equal to the
torque due to the tension of the spring 228. Fur-
ther, the pressure difference acting on the vanes
229 will be the larger the wider the recesses 266
and 267 open an outlet for the flow of the oil
through the annular chamber 265. Such opening
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however will be proportional to the distance pis-
ton 281 has been Jowered and, owing to the en-
gagement of the projections 255 with the slots
256 and 257, has turned the plate 253. When the
bressure difference on the vanes 229 decreases
the spring 228 will turn wheel 222 in the opposite
direction and thereby adjust the plungers 203
accordingly. While, thus, a continuous oil cur-
rent flows from' the shaft 216 to the outlet 264
quantities of the lubricant may escape through
a lateral bore 280 in shaft 212 into the lower hous-
ing space 281 so as to lubricate the movable parts
of the pump including the faces of the plungers
203 provided with oil grooves and bores such as
Indicated at 282. From the space 281 the lu- -
bricant may return to the engine by passing
through the bearing 213, = C

According to the arrangement snd type of bel-
lows of the embodiment just described, automatic
adjustment of the pump output oceurs in response
to changes in external pressure and temperature.
It will be understood, however, that the pump ad=
justment may be rendered responsive to changes
of other external conditions, and that for such
purpose it will be necessary only to select suitable
elements reactive upon such other conditions and
to adapt these elements 50 as to transmit their re-
actions on piston 251 in substitution for the bel-
lows 269 and 273." Also, it will be understood that
the invention is not limited to the particular hy-
draulic device illustrated in Figs. 4 to 7 and here-
inbefore described. Thus the embodiment shown
in Fig. 8 is provided with a modified drive for the
adjustment of the plungers of the units. In other
respects, the pump is similar to that shown in Fig.
4. The embodiment of Fig. 8 comprises a lower
housing 301 with a number of barrels 302 in which
plungers 303 are reciprocatable by means of a
swash plate drive 304. The cyclical tilting of the
swash plate is derived from a shaft 305 adapted
for connection to an engine shaft 306. Both
chafts are hollow so that pressure oil may be
forced through the shafts 306 and 305 and
through a lateral opening 360 of the latter into
the housing space 301. A disc-like part 308 com-
prising a discharge valve 309 for each barrel is se-
cured between the lower housing 301 and a top
housing portion 316, and a dome-shaped cover 311
is fastened to the latter and encases the altitude
bellows 312 and the temperature- and pressure-
sensitive bellows 813, all-in coaxial arrangement.
Housing 301 comprises an inner flange 314 which
serves to hold a bearing 315 and an auxiliary shaft
3i6. Another bearing 817 for the auxiliary shaft
316 may be provided as shown in engagement with
the bearing 318 of the drive shaft 385. A gear
wheel 319 is keyed to the auxiliary shaft 316 at
320 and meshes with the pinions 321 of the
plungers 803 similar to wheel 222 in mesh with
Pinions 221 in Fig. 4. A control drum 322 is also
secured to the auxiliary shaft 316 and extends
upward of flange 314 into the axial housing bore
323 which in its upper portion and including the
central opening 324 of the disc 308 is lined with a
cylindrical bushing 325. In engagement with the
latter, a cup-shaped piston 326 is arranged for ax-
ial movement. To the lower head 327 of the pis-
ton one or several rollers 328 are pivoted on pins
328 which rollers engage in helical slots 330 pro-
vided in the wall of the drum 322. Piston 32§ is
biased by a compression spring 331 bearing

. against the top housing portion 310 into which &

tube 332 is rotatably inserted. To the lower end
of tube 332 two tubes 333 and 334 are secured e. g.
by soldering, so as to extend downwardly, the one.
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Inside tbe other with a space 338 therebetween.
The outer tube 333 serving as a guide for piston
326 is slotted at 335 in axial direction, and the
piston is provided with a pin 336 ‘engaging slot
385 so as to prevent the piston from turning rela-
tively to the tube. The inner tube 334 is closed at

the bottom at 337, and an opening 339 is provided -

in its wall, ‘There is also an opening 340 provided
in the tubular part 382 to connect the interior of
- the latter with a ring space 341 in the top hous-
ing portion 810, and a conduif 342 leads from the
space 34 to the outside at 343. The upper end
of the part 832 is provided with peripheral teeth
348 with which a rack 348 meshes in an arrange-
ment similar to the rack 259 of Pig. 4. A rod 348
is connected to the lower side of the bellows 313
and extends downward into the tubes 332 and 334
‘trom which it is spaced by a spacer 34T which
closes the upper end of the tube 832. At its lower
end and at & distance therefrom, the rod is pro-
vided with two enlargements 348 and 348.which
control the opening 339 of the tube 334. Rod 348
has an axial bore 350 which communicates
through an opening 351 above enlargement 348
. with the space 352 between the rod and the tubu~
- lar part $82. Communication is also provided of
the housing space 307 with the aforementioned
space 338 between the tubes 333 and 334 through
ports 353, 354 and 365 provided in the disc of wheel
319, in the flange 314 and the bottom of the drum
322 respectively.

The pump output can be manually adjusted
by shifting the rack 348 in the one or other di-
rection. Thereby, the tubular plece 332 will be
turned and with it the extensions 338 and 334.
Owing to the slot and pin connection 335 and 33§

between the tube 333 and piston 326, and due

to ‘the rollers 328 engaging in the slots of the
drum 322, the latter is taken along so as fo turn
the auxiliary shaft 318, the wheel 318 and the
pinions 32{. Thus, the plungers 303 will be ad-
justed according to the shifting of the rack 348.
. If on the other hand, the rack is held stationary,
automatic adjustment will be accomplished in
response to the expansion or contraction of the
beliows 3{2 and 313. In the position of Pig. 8,
the enlargement or valving portion 348 of rod
346 obstructs the slot 338. In consequence, &8s
soon as the engine to which the pump is ap-
plied is started, ol pressure will build up in hous-
ing 307 and all spaces connected thereto, in-
cluding the space underneath the piston bot-
tom 327 which will rise according to the oil pres-
sure and the restraint of spring 331. In rising,

the rollers 328 move in the helical grooves of the-

drum 322, and as the piston 326 is prevented
from turning owing to pin 336 in slot 336 of the
tube 334 which is held stationary, the drum 322
will be turned together with auxiliary shaft 3(6
and wheel 319 so as to adjust the plungers to
the conditions of the engine just started. If
now the operating conditions of the engine
change so that one or both of the bellows $12 and
313 -expand, rod 348 will be shifted downward
within- tube 334, while the pressure underneath
the rod and above the enlargement 349 is equal-
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action of sprlng 331 will be Jowered and there-
by turn the drum accordingly. The farther rod .
346 is Jowered the wider will be the opening of-
fered to the oll flow and, consequently, the lower
will be the position of the piston 326. Thus the
piston position and as & result the position of the
plungers 303 will depend on the expansion or
contraction of the bellows $12and 313.

"It will be apparent to those skilled in the art
that many alterations and modifications of the
illustrated forms can be made without departure
from the spirit and essence of the invention which
shall be limited only by the scope of the append-
ed claims.

I claim:

1. In a pump Including a supply chamber, at
least one pump unit having a barrel with an inlet
aperture and & plunger reciprocatable in the co-
ordinate barrel, and a conduit between sald sup-
ply chamber and said aperture, the combination
of first means having a curved face in control-
ling relationship to sald aperture and being mov-
able in an axial direction and a peripheral di-
rection, & second means whereby sald plunger
and said first means are held in fixed relation-
ship and said plunger reciprocated: and said
means moved in one of said directions, third
means including & hydraulic servo motor to cause
movement of said first means in the other one
of said directions thereby to change the portions

. of said face passing said aperture to vary the time
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during which said barrel is periodically connect-
ed to said supply chamber, a control element for
said servo-motor, and a pressure responsive or-
gan in confrolling connection with said element
so as to cause movement of -said first means in
said other direction according to pressure vari-
‘ations to which said organ is subjected,

2. A device as claimed in claim 1 wherein said
pump includes a plurality ‘of units arranged in
an annular zone, equidistant from each other
and parallel to a common axis, said first means,
said hydraulic servo motor and said control ele-
ment having an axis coinciding with sald com-
mon axis and being located substantially in a
cylindrical space central with respect to said an-
nular zone.

3. In a pump including a plurality of unlts com-
prislng each a barrel and a plunger reciprocatable
therein, a common inlet and metering valve in
central arrangement with respect to said plurality
of units, sald valve being rotatable so as to serve
said units one after the other and being axially

-shiftable to cause variation of the output of said

units according to the level on which it rotates,
said valve constituting & piston of a hydraulic
device, means responsive to external pressure
conditions, and a member connected to and shift-
able by said pressure-responsive means and in-

‘cluding. & valving means of said hydraulic device

to control the hydraulic pressure actlng on sald

- piston.

85

ized through the bore 380 and the lateral hole '

38i. The downward movement of the rod shifts
the enlargement 348 so that now an oil flow can
set- in through shafts 308 and 305, housing 307,
holes 353, 354 and 388, space 338, opening 338,
space 352 into the ring chamber 341 and from
there through the conduit 342 to the outside or
& return connection. This flow will decrease the
pressure head on piston 326 which under the

70
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4. In a pump as claimed in claim 3, turther
comprising & second valving means of sald- hy-
draulic device, said second valving means being
connected for common movement with said pis-
ton and being in cooperative relationship to said
first valving means so that a pressure difference
caused on the opposite sides of the piston by a
shift of said first valving mesans will be equalized
when said first and said second valving means
are in their original relative positions,

5. In a pump including a plurality of units
comprising each a barrel and a plunger recip-
rocatable therein, & cylinder in central arrange-
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ment with respect to said units, a common inlet
and metering valve in said cylinder, said common
valve belng rotatable -in said cylinder so as to
serve said units one after the other upon its ro-
tation, and being axially shiftable to cause varia-
tion of the output of said units according to the
level on which it rotates, said valve constituting g
piston of a hydraulic system, first conduits to ad-

* turning,

mit a hydraulic fluid to the cylinder spaces re- .

spectively on either side of said piston, two second
conduits in said piston to discharge fluid from
said spaces respectively, and an axially mov-

able valving means in controlling relationship .

to sald second conduits so as to open one of said
second conduits when moved in the one direction
and fo open the other second conduit when moved
In the other direction, said second conduits being
so arranged that a second conduit opened by a
shift of said valving means will be closed when
said piston is moved in the same direction,

6. A device as claimed in claim 5 further com-
prising a manually operative member in connec-
tion with said piston to shift it in axial direction,
and means responsive to changes of external pres-
sure conditions and in connection with said valv-
ing means to control the position of the latter,

7. A device as claimed in claim 5, said piston
having an axial bore into which said second con-
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quits open, said valving means being arranged

interiorly of sald bore and including g rod ex-
tending to one side beyond said cylinder, and a
tube connected to said piston ang surrounding
said rod in a spaced relationship thereto so as to
constitute a passage for the valved fluid.

8. In a pump including a plurality of units com-
prising each a barrel and a plunger reciprocatable
therein, a common inlet and metering valve in
central arrangement with respect to said plu-
rality of units, and being provided with an axial
bore, said valve being rotatable so as to serve said
units one after the other and being axially mov-
able to cause variation of the output of the units
according to the level on which it rotates, s hol-
low rotatable drive shaft passed through the bore
of said valve and provided with an axially ex-
tending slot in its wall, 5 tubular member in-
teriorly of said shaft, a pin in engagement with
said slot and connecting said common valve to
said tubular member, and a second valve interior-
ly of 'said tubular member, said common valve
constituting a piston of a hydraulic device in-
cluding conduits in said piston, said shaft and
said tubular member to connect the spaces on
elther side of said piston to the interior of said
tubular member, and said second valve being in
controlling relationship to said conduits.

9. In a pump inculding a plurality of units com-
prising each a barrel and a reciprocatable plunger
turnable therein for the purpose of adjusting the
output of its unit, the combination of a member
in engagement with all the plungers to turn the
latter, a hydraulic device to turn said member, an
organ changeable as to its dimensions in response
to changes of external conditions, and a control
element of said hydraulic device and operative by
said organ so as to control operation of said de-
vice according to changes of the dimensions of
said organ.

10. A pump as claimed in claim 9, wherein said
control element comprises two members, the one
being in engagement with helica] faces of the
other one, to transform axial movement of the one
into rotary movement of the other.

11. A pump as claimed in claim 9 wherein said
bydraulic system comprises a piston, guiding
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.Wwith sajd wheel to turn it, an
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piston to prevent the latter from
and a connection between said member
and said piston, said connection including helical
gulde faces to transform aXial movement of the.
piston into turning movement of saiq member.

12, In a pump including a plurality of units
comprising each a barrel and ga reciprocatable
plunger turnable for the purpose of adjusting the
output of its unit, a gear wheel in engagement
with all said plungers, said wheel including & hol-
low cs_'llndrlcal extension and a first pajr of di-
ametrically opposite vanes projecting inwardly
from the walls of said cylinder, a normally sta-
tionary shaft coaxially with and Interiorly of said
t_:ynnder and including a second pair of vanes pro-
Jecting towards the wall of said cylinder ang in-
termedlate said first vanes respectively so as to
form a chamber between each two adjacent vanes,
means to conduct a hydraulic fluld to said cham-~
bers, a valving means for the discharge of equal
Quantities of fluld from opposite chambers, and
means to adjust said valving means so as to cause
bressure differences in each two adjacent cham-
bers and thereby to turn sald first pair of vanes
with said cylinder and wheel. :

13. A device as claimed in claim 12 further com-
prising a spring in connection with said cylinder
and said shaft, so as-to be. tensioned when the cyl-
inder is turned relatively to said shaft in one di-
rection. . :

14. A device as claimed in claim 12 wherein
sald valving means comprises a rotatable cover of
said cylinder and provided with two diametrical-
1y opposite openings, each of sald openings be'ng
of sufficient size to communicate with two adja-
cent chambers when said openings are in registry
of vanes. :

15. A device as claimed in ¢laim 12 wherein said
a cover plate of said cyl-
inders, said plate being turnable about the axis of
sald shaft and provided with discharge openings,
and said means to adjust said valving means com-
prises an axially movakle member, an axial exten-
sion of said plate and a connection between said
axially movable member ang said plate extension,
said connection including helical guide faces to
transform axial movement into rotation.

16. In a pump including a plurallty of units
comprising each a barrel and a reciprocatable
plunger turnable therein for the purpose of ad-
Justing the output of its unit, the combination of
a wheel in engagement with .all the plungers to
turn the latter, a hydraulic device in connection
organ changeable
as to its dimensions in response to changes of ex- -
ternal conditions, a control element of said hy-
draulic device and operative by said organ so as
to control operation of said device according to
changes of the dimensions of said organ, and
manually operative means in connection with said
hydraulic device and said wheel to turn both said
device and said wheel together independently of
said organ.

17. In a pump Including a plurality. of units
comprising each a barrel and s reciprocatable
plunger turnable therein for the purpose of ad-
Justing the output of its unit, the combination of g
wheel in engagement with all the plungers to turn
the latter, a drum connected to sald wheel for
common rotation, a cylinder coaxia] with said
wheel, a piston reciprocatable in said cylinder, a
connection including helical faces between said
drum and said piston, & compression spring be-
tween the cylinder bottom and the one side of
sald piston, means to admit a hydraulic fluid to

means for said
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load the other side of said piston, means to dis-
charge fluld, an organ responsive to changes of
external condition, and & valve for said discharge
and connected to said organ so as to adjust the
discharge cross-section according to the reaction
of said organ on said valve. 4 -

18. A device as claimed in claim 17 further
comprising a first tube extentling axially into sald
cylinder including means to prevent sald piston
from rotating relatively thereto, a second tube in-
terlorly of and spaced from the first one so as to
constitute a discharge conduit, & spacer member
secured to the end portions of sald tubes remote
from said piston so as to close sald conduit, a dis-
charge opening in the side wall of sald- second
tube, said valve controlling said opening, and
manually operative means to turn sald spacer and
with it said tubes, piston, drum, and wheel inde-
pendently of said valve. : .‘
LOUIS BEEH.

REFERENCES CITED

The following references are of record in the
file of this patent: )

10

1%

16
UNITED STATES PATENTS

. OTHER REFERENCES.

Number " Name Date :
2,093,477 Parsons ccccccmeumem Sept. 21, 1937
2,131,857 Lauret cccmcemmmemem Oct. 4, 1938
2,160,735 Hoffer ———— e May 30, 1939
2,357,563 Truxell o o Sept. 5, 1944
2,370,506 Tabh cccrcemmemmn -- Feb. 27, 1945
2,380,574 Beeh et al. ——--. ==--- July 31, 1945
2,388,462 Beeh ool Nov. 6, 1945
2,391,221 Beeh oo Dec. 18, 1945

FOREIGN PATENTS
Number ' Country _ Date
198,793 Switzerland ____.__ Sept. 16, 1938
499,242 = Great Britain ... Jan. 20, 1939

" Serial No. 288,980, Blechl (A. P. C.), published
May 11,1943, -



